Operational ocean modeling for the US Navy is performed primarily ABSTR ACT. The US Navy maintains a capability for regional and coastal ocean modeling as part of a comprehensive effort to predict the impact of the environment (air, water, land, and ice) on naval operations, training, and support activities.
The current operational regional ocean modeling capability is based on the Naval Research Laboratory's RELOcatable ocean nowcast/forecast (RELO) system, and this system has formed the basis for further development in advanced data assimilation, ensemble prediction, and coupled modeling. This article presents an overview of the RELO system and its operational application.
Oceanography | September 2014 45 OPPOSITE PAGE | Figure 1 . RELO (RELOcatable ocean nowcast/forecast system) domains covering US coastal areas. The background field is the surface temperature from the global HYCOM nowcast for 00 Z January 15, 2014. The inset fields with black outlines display the 00Z January 15, 2014, surface temperatures from the 10 RELO domains adjacent to the US continental and Hawaii coasts. This article describes the current state of the operational RELO forecast system, its implementation at NAVOCEANO, and current developments in modeling and data assimilation.
THE RELO SYSTEM
The RELO system consists of a forecast model component appropriate for regional-to coastal-scale ocean modeling, a data analysis component, and supporting codes, scripts, and databases for domain configuration, data preparation, data assimilation, and post-processing. The system configures cycling analysis-forecast systems for limited-area models in which the analysis and forecast are performed at the same resolution. This is an important characteristic for a system at an operational center.
NCODA: Data Analysis Component
The Navy Coupled Ocean Data Assimilation system is the data analysis component (Cummings and Smedstad, 2013) . NCODA is in operational use at both Navy production centers, the Fleet Numerical Meteorology and Oceanography Center (FNMOC) and NAVOCEANO, as a stand-alone cycling analysis system, performing 2D ocean surface temperature and ice concentration and 3D temperature and salinity analyses that together provide background fields for the quality control of ocean observations. In addition, the 2D analyses are used to provide lower boundary conditions of sea surface temperature and ice concentration for atmospheric models at both centers (global and regional models at FNMOC, regional models at NAVOCEANO).
NCODA also runs in a cycling mode with forecast models, and is the analysis component for the operational GOFS system at NAVOCEANO. In much of the ocean, SSHA measurements may be used to infer subsurface density structure. SSH reflects not only the horizontal density variation but also other processes (e.g., atmospheric pressure and wind-driven circulation); thus, SSHA measurements are most successful in deep water, off the continental shelf, where the SSHA from the long-term mean is well correlated with the density variation and relatively less influenced by the other processes. Methods to infer the density variation include using simple one-layer reduced gravity models to relate SSHA to an isopycnal displacement (Mainelli et al., 2008) or linear regression between SSHA and subsurface parameters (Fox et al., 2002; Willis et al., 2003) . 
Model Updating
The RELO system supports several methods to introduce corrections produced by the NCODA analyses into the NCOM forecast model, but operational systems use an incremental method in which the temperature, salinity, and (optionally) horizontal vector velocity correction fields are added gradually to the NCOM model fields during a hindcast period so that the corrections are fully integrated at the nowcast time (Bloom et al., 1996) . Originally, RELO configurations used a version of NCOM that supported the addition of temperature and salinity corrections only, and they cycled with a previous form of the NCODA analysis that performed multivariate optimal interpolation. 
Supporting Databases
The RELO system includes static default databases of tidal water level and transport constituents, river locations and transports, and bathymetry. These 
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The RELO system includes a global tidal constituent database (water level and vector transport), the Oregon State University (OSU) global 0.25° database (Egbert et al., 1994; Egbert and Erofeeva, 2002) . The system is configured so the user may specify an alternate database file in a similar format (e.g., a higher-resolution tide analysis also available from OSU, or one calculated locally using available high-resolution bathymetry).
The constituent database is used San Diego nest has a lower probability of large velocity error, followed by the GOFS system and the SoCal RELO nest.
ONGOING DEVELOPMENT
An ocean ensemble forecast capability is included in the RELO system (Coelho et al., 2009 of the model mixing parameters (Wei et al., 2014) and stochastic forcing techniques (Lermusiaux, 2006) . 
